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A B S T R A C T
Expectations of cooperation between local authorities, the private sector, and citizens in climate change adap-
tation in cities are high because involvement of many actors is seen as critical to success. Scholars and pol-
icymakers argue that the private sector could be more efficient than the public authorities in implementing
adaptation measures and argue for the need to engage citizens to ensure legitimacy of adaptation and inclusion
of locally relevant knowledge. To what extent do cities address the private sector and citizens in their adaptation
initiatives? What modes of governance do they use to do this? What kinds of cities are the most likely to address
the private sector and citizens? Going beyond the existing case study approaches, this paper answers these
questions using a large N data set covering 402 cities around the world. We find that a majority of adaptation
initiatives focus exclusively on the public sector and do not address the private sector or citizens. In the cases
where they do, the private sector is more often governed through partnerships and participation, whereas citizen
participation is relatively rare. Initiatives involving citizens rely more often on a provision of information that
encourages citizens to adapt. We find that the more advanced a city is in its adaptation process, the more likely it
is to address the private sector than citizens in its initiatives to adapt to climate change. Whereas with part-
nerships and participation the private sector can influence urban adaptation arrangements at a broader scale, the
provision of information allows citizens only to implement individual adaptation measures according to their
capacities.
1. Introduction
There is a broad consensus that the private sector and citizens
should be involved in urban climate change adaptation, alongside
public authorities. The 5th Intergovernmental Panel on Climate Change
(IPCC) report states “[L]ocal government and the private sector are
increasingly recognized as critical to progress in adaptation” (IPCC,
2014, p. 25). The report’s chapter on urban areas highlights the im-
portance of the engagement of citizens and the private sector but also
mentions that citizen participation and private sector involvement has
so far been limited in practice (Revi et al., 2014, 580–585). The Paris
Agreement of the United Nations Framework Convention on Climate
Change (UNFCCC, 2015) identifies “civil society, the private sector,
financial institutions, cities and other subnational authorities” (p. 19) as
crucial actors responding to climate change. Likewise, many national
adaptation policy documents stress the role of local authorities, citi-
zens, and the private sector (e.g., Danish Nature Agency, 2012; German
Federal Government, 2008; MMM, 2014).
Empirical research on urban adaptation finds surprisingly little ac-
tive involvement of citizens and the private sector (Hegger et al., 2017;
Juhola, 2013; Klein et al., 2017; Lund et al., 2012; Wamsler, 2016;
Wamsler and Brink, 2015), with much effort being placed on main-
streaming within the public sector (Widmer, 2018). Even though there
are empirical examples of involvement of the private sector and citizens
(e.g., Anguelovski and Carmin, 2011; Bedsted and Gram, 2013; Chu,
2016b; Mees et al., 2014), there seems to be a lack of guidance for the
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private sector’s and citizens’ adaptation (van Kasteren, 2014; Wamsler
and Brink, 2015). So far, the involvement of private actors (citizens and
the private sector) seems to be limited to the implementation of
adaptation measures, while problem analysis and framing of adaptation
solutions is dominated by the public authorities (Burton and Mustelin,
2013; Klein et al., 2017; Lund et al., 2012; Mees et al., 2015; Tennekes
et al., 2013). Citizens are rarely involved in the problem framing of
adaptation (Chu, 2016a; Hegger et al., 2017; Klein et al., 2017; Mees
et al., 2015), and their activities are often not intentional adaptation
but de-facto adaptation, motivated by factors other than climate change
(Wamsler et al., 2016; Wamsler and Brink, 2015).
In terms of what modes of governance are used to steer adaptation
activities of the private sector and citizens, the literature is limited.
First, most of these studies are single-case, small-n studies, or cross-
scale analyses (Araos et al., 2016b; Keskitalo et al., 2012; Swart et al.,
2014). The differences between case studies reduce the possibilities for
a consistent and comprehensive analysis across cases, and this makes it
difficult to arrive at a comprehensive picture of governance of adap-
tation in urban areas. There are notable exceptions of cross-case
adaptation studies (Wamsler and Raggers, 2018) and studies addressing
sets of 100–885 cities, but these address predominantly climate change
mitigation (Bulkeley et al., 2013; Castán Broto and Bulkeley, 2013;
Heidrich et al., 2016) and/or they are not very specific about who is
involved in and steered by adaptation measures (Aguiar et al. 2018;
Araos et al., 2016a, 2016b; Hunt and Watkiss, 2011; Reckien et al.,
2018). Second, there is a dominance of and bias toward studies in de-
veloped countries (Bulkeley et al., 2013; Castán Broto and Bulkeley,
2013; Meerow and Mitchell, 2017). There is, thus, a need to comple-
ment the existing small-n studies with the analysis of bigger data sets
that allow for generalization (Ford et al., 2016; Swart et al., 2014).
In this study, we pose three hypotheses and test them based on the
data set of 997 adaptation initiatives in 402 cities1 across the world,
compiled by Araos et al. (2016b), which is to our knowledge the most
comprehensive database of its kind. The data include information about
each adaptation initiative and the cities’ progress in the adaptation
policy process. We measure the progress of the cities using the adap-
tation policy process index (Araos et al., 2016b), and we identify the
addressees and mode of governance for each adaptation activity.
2. Hypotheses
Despite the high expectations in policy documents and some en-
couraging examples in the research literature, several empirical studies
have found that cities’ engagement with the private sector and citizens
is very limited. In the relatively rare cases where such engagement is
present, it is most often focused on the implementation of adaptation
measures (Hegger et al., 2017; Juhola, 2013; Klein et al., 2017; Lund
et al., 2012; Mees et al., 2015; Tennekes et al., 2013; van Kasteren,
2014), rather than involving the private sector and citizens throughout
the adaptation policy process. Overall, most adaptation efforts docu-
mented by case studies at the city level seem to be focused on in-
stitutionalizing adaptation within local governments (Aylett, 2015).
Thus, we propose the following hypothesis:
1.) So far, most public sector adaptation initiatives focus on the public
sector and do not actively steer adaptation activities of the private
sector and citizens.
Next, the involvement of citizens and the private sector in adapta-
tion entails more complex considerations than whether and when they
are involved. These considerations include questions about the
rationale for involvement and the modes of governance that are being
used to address different actors and how this then plays out in terms of
responsibilities related to adaptation.
Several arguments have been presented in the literature to support
the idea that involvement of the private sector and citizens beyond the
fulfillment of legal requirements is important in urban adaptation. This
literature provides two broad strands of reasoning, one focusing on
market orientation and the other on engagement and participation.
First, it is argued that limited capacities of the public sector and the
continuing trend of a retreating state can be seen as a reason to form
partnerships and shift responsibilities to the private sector and citizens
(Geaves and Penning-Rowsell, 2016; Taylor and Harman, 2016;
Tompkins and Eakin, 2012; Wamsler, 2016; Wamsler and Brink, 2014).
Some economists see private actors as responsible if adaptation is
considered to provide a private good (Konrad and Thum, 2014;
Mendelsohn, 2006). Second, reasons for engagement and citizen par-
ticipation include issues, such as legitimacy, inclusion of citizens, and
the use of local knowledge. The legitimacy of adaptation may depend
on the involvement and participation of a variety of stakeholders and
fair consideration of different interests (Adger et al., 2005; Castán Broto
and Bulkeley, 2013; Mees et al., 2014). Participation of non-public
actors can be seen as a value in itself (Arnstein, 1969; Klein et al., 2017;
Mees and Driessen, 2018; O’Hare et al., 2016), and it may enable access
to local and tacit knowledge, thus improving implementation and
ownership of adaptation initiatives (Boezeman, 2015; Fünfgeld and
McEvoy, 2014; Glaas et al., 2010; Wamsler, 2017).
These two different rationales for involving the private sector and
citizens have implications on the modes of governance that may be used
to encourage involvement. It has become clear from previous studies
that citizens and the private sector can be involved in different stages in
an adaptation process, and this can happen via different modes of
governance (Bulkeley et al., 2013; Castán Broto and Bulkeley, 2013;
Kern and Alber, 2008; Klein et al., 2017; Mees et al., 2015, 2014). If the
main rationale is economic, it may be most feasible to achieve the de-
sired type of involvement through modes of governance, such as public-
private business partnerships or provision of economic incentives. If, on
the other hand, the main rationale is engagement, the modes of gov-
ernance used to encourage involvement need to include different types
of participatory processes, including both citizens and the private
sector. Considering possible modes of governance juxtaposed with the
rationales for the involvement of non-public actors, we hypothesize
that:
1.) Local authorities use different modes of governance depending on
whether they aim to steer citizens’ actions or the private sector.
Finally, we are interested in what kinds of cities are the most likely
to address the private sector and citizens. It is assumed that cities where
the adaptation policy process has advanced the furthest may be more
likely to address private actors. The literature includes examples of pilot
projects and alternative approaches that strive for a stronger involve-
ment of citizens and the private sector. Examples from the Nordic
countries, where cities tend to be rather advanced in their adaptation
policy processes, indicate horizontal cooperation and more active in-
volvement of citizens and the private sector, even though many authors
point to the limiting influence of existing institutional structures (Klein,
2016; Rauken et al., 2014; Wamsler, 2017). Similarly, Mees et al.
(2014) show in Hamburg, Helsinki, and Rotterdam—three cities ad-
vanced in their adaptation policy processes—that new alternative ap-
proaches to flood risk management entail an increased involvement of
private actors. In most cases, however, stakeholder involvement has
remained at the early experimentation stage, in both the Global North
and the Global South (Anguelovski and Carmin, 2011; Chu, 2016b). In
their assessment of the climate change activities (mitigation and
adaptation) of 200 European cities, Heidrich et al. (2016) find that the
cities focus on their own organizations first before moving on to address
1 The data are from urban areas larger than 1 million people. For the sake of
readability, we use the term “city” for urban areas, as defined in the
“Methodology” section, and the related public authorities and administration.
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external actors. Hence, we hypothesize that:
1.) The more advanced a city is in its adaptation policy process, the
more likely it is to address the private sector and citizens in its in-
itiatives to adapt to climate change.
Besides how far the adaptation policy process has progressed in a
city, other factors may influence its likelihood to address private actors.
One possibility is simply that wealthier cities involve private actors
more than others due to their strong capacities to do so. Another is that
larger cities have more opportunities to involve the private sector and
citizens. Thus, we control for these two factors in our models when
analyzing the statistical association between the degree of advancement




To test our hypotheses, we used a quantitative data set of urban
adaptation planning initiatives assembled through systematic data
collection methods presented and analyzed in two previous studies
(Araos et al., 2016a, 2016b). The data included 997 adaptation in-
itiatives from 402 urban areas around the world larger than 1 million
people, as per the United Nations definition of “urban agglomeration”
(UN DESA, 2018). The data were collected from publicly available web-
based documents that specifically dealt with adaptation to climate
change. These were Municipal Adaptation Plans, Climate Action Plans,
and government projects in partnership with non-governmental orga-
nizations (NGOs). Due to the logistic constraints of language transla-
tion, cities were only included if at least four other cities spoke a
common language. Languages included were: English, Spanish, and
French (spoken by the data collection team) and Chinese, Arabic,
Russian, German, Portuguese, Farsi, Korean, Japanese, Turkish, and
Indonesian (using hired translators).
The data collection protocol for the data set in Araos et al. (2016a,
2016b) is as follows: For each city, documents were retrieved using the
Google search engine. The first step was to access the municipality’s
website, then look for climate change planning documents on the
website. If no documents were found, then the authors performed a new
search using the terms climate change and the city’s name. The first 50
results were reviewed based on title and page descriptions from Google.
Given that the data consist of documents that are predominantly stra-
tegic, they do not allow us to examine implementation of these in-
itiatives in detail. Data were collected between January 2 and March
29, 2014, and documents published after this date were excluded. The
use of publicly available documents is consistent with other studies’
monitoring and tracking adaptation plans (Lesnikowski et al., 2016;
Reckien et al., 2014). (For a full description of the data collection
protocol and inclusion and exclusion criteria, see Araos et al. (2016a,
2016b)).
A challenge for rigor in comparative adaptation studies is to identify
precisely what is being compared (Dupuis and Biesbroek, 2013;
Sherman et al., 2016). The Paris Agreement, for example, does not
define adaptation with enough clarity to distinguish the concept from
other activities that reduce vulnerability, such as disaster risk reduction
or the suite of social policies that improve wellbeing in general (Ford
and Berrang-Ford, 2015; UNFCCC, 2015). Scholarly efforts to compare
adaptation, then, often define climate change adaptation as the activ-
ities, policies, or initiatives that are explicitly stated as such (Araos
et al., 2016a; Austin et al., 2015; Hughes, 2015; Lesnikowski et al.,
2015). Dupuis and Biesbroek (2013) define these as “highly inten-
tional” initiatives because they are expressly designed to deal with the
risks of climate change. The data set from Araos et al. (2016b) uses
explicit mention of “climate change” as a filter for activities mentioned
in climate change plans. Consistent with this conceptualization of
adaptation, this study draws from Dupuis and Biesbroek (2013, p.
1480) to define adaptation policy as:
The process leading to the production of outputs in forms of activ-
ities and decisions taken by purposeful public and private actors at
different administrative levels and in different sectors, which deal in-
tentionally with climate change impacts and whose outcomes attempt
to substantially impact actor groups, sectors, or geographical areas that
are vulnerable to climate change.
Data on the population of the cities were retrieved from the data set
by Araos et al. (2016b), and data on the country-level gross domestic
product (GDP) (ppp) in 2016 were collected from The World Bank’s
databank (World Bank, 2018). These are included as control variables
in our regression models testing hypothesis 3.
3.2. Coding and variables
We coded each adaptation initiative’s addressees and mode of
governance. We identified three large groups of potential actors: public
sector, private sector, and citizens. An actor was considered an ad-
dressee if the initiative directly or indirectly assigned an active role to
them (i.e., the addressees are encouraged to change their behavior and
adapt to climate change). Each initiative had one or more addressee.
This meant this variable was not mutually exclusive. The initiative
could also be unspecific about the addressee. In this case, the variable
was “undetermined” (see Supplementary material 1).
We based our coding of modes of governance on the four categories
used by Kern and Alber (2008); Bulkeley and Kern (2006), Castán-Broto
and Bulkeley, and Klein et al. (2017). The four categories include
governing by regulation, governing by provision of incentives and
services, governing through enabling (information, partnership, and
participation), and municipal self-governing. However, we consider the
categories “governing by provision of incentives and services” and
“governing through enabling (information, partnership, and participa-
tion)” as too broad for our study.
Whereas the provision of incentives encourages a certain type of
behavior or adaptation, the provision of services by the public sector
reinforces existing behaviors, which could be a disincentive for adap-
tation. Whereas partnerships and participation allow for influencing the
problem framing and a common development of adaptation solutions,
the provision of information offers no opportunity for active partici-
pation but gives the recipients the information for the implementation
of adaptation measures (Arnstein, 1969; Mees et al., 2015, 2012;
Tennekes et al., 2013; Wamsler and Raggers, 2018).
Therefore, we refined the four categories presented above, and we
coded our data in six categories: governing by regulation, governing by
provision of incentives, governing by provision of services, governing
through provision of information, governing through partnerships and
participation, and municipal self-governing. Consequently, addressing
citizens and the private sector could mean an involvement in adapta-
tion by following legislation; the encouragement to act via incentives
and services; an active role in urban adaptation for non-public actors
through partnerships and participation; or the enabling and en-
couragement of individual action by the provision of information.
Although all modes of governance could encourage adaptation, the
modes differed in the way they involved non-public actors in urban
adaptation. In several cases, the description of the activity did not in-
clude any further details about how it should be implemented. In these
cases, the variable remained “undetermined.” For a detailed descrip-
tion, see Supplementary material 1.
The main independent variable of the regression models testing
hypothesis 3 was the adaptation policy process index developed by
Araos et al. (2016b). We measured the progress of cities’ adaptation
policy processes by the adaptation process index by Araos et al. (2016b).
The cities scored points on the adaptation index by adopting measures
such as creating climate projections and vulnerability assessments. The
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index measured the presence of (1) climate projections, (2) vulner-
ability assessments, (3) consideration of multiple sectors, (4) re-as-
sessment of development priorities in the face of climate change, (5)
climate change planning documents, (6) consultations and stakeholder
engagement, (7) management of barriers and uncertainty, and (8)
monitoring and evaluation of adaptation activities (Araos et al., 2016b).
The more of these things a city had, the more advanced it was con-
sidered in its adaptation policy process.
3.3. Statistical analysis
To analyze hypotheses 1 and 2, we used one and two independent
sample chi-squared tests, respectively (Meyers et al., 2013, 645 and
665). For hypothesis 3, we applied different exponential dispersion
models depending on the dependent variable. To test the association
between the number of initiatives addressing any private actors in a city
and the city’s process index, we used negative binomial regression
models due to the type and distribution of the dependent variable.
Negative binomial regression can be used to analyze count variables
that have variability different than their mean. In this case, the de-
pendent variable had some overdispersion and variance greater than
the mean. The traditional negative binomial regression model was
written as = + + + …+μ β β x β x β xln( ) p p0 1 1 2 2 . This meant that a one-
unit increase in parameter x had a multiplicative effect of exp(B) on the
mean of dependent variable Y (Zwilling, 2013). When analyzing the
share of initiatives addressing the private sector or the citizens, we used
a generalized linear model with Tweedie distribution (compound
Poisson-gamma) and a log link; thus, the model was also an exponential
model. The dependent variable had non-negative scale values skewed
toward smaller values, and for this we used a distribution that com-
bined properties of continuous and discrete distributions. A detailed
description of fitting a Tweedie’s compound Poisson model can be
found, for instance, in Jørgensen and Paes De Souza (1994). Analyses
regarding hypotheses 1 and 2 were conducted at the initiative level
(n= 902) and analyses regarding hypothesis 3 at the city level
(n= 373). All analyses were conducted using IBM SPSS.
In these models, the number of initiatives addressing any private
actors (private sector and citizens combined) or the share of these in-
itiatives (private sector and citizens separately) from all initiatives was
treated as the dependent variable, and the process index of a city was
the main independent variable of interest. In addition, we tested whe-
ther the association was the same across all values of the process index
by using a quadratic term of the independent variable. Our models
controlled for the population size of the city and a country-level GDP,
used here as a proxy for the wealth of the city. This was to make sure
that any association we found between the policy process index and the
likelihood of a city to involve its businesses and citizens in adaptation
was genuine and not caused by other factors, such as rich cities or big
cities being more able to do more. These analyses were conducted on a
city level rather than an initiative level, which was used in the previous
analyses.
We excluded initiatives with an “undetermined” addressee.
Therefore, 902 of the database’s 997 initiatives were considered in our
detailed analysis. In addition, we excluded some cities because of
missing data. Therefore, our detailed analysis was based on 373 out of
402 cities.
4. Results and discussion
4.1. Involvement of different actors
Given the results of previous studies that showed the limited in-
volvement of citizens and the private sector in urban adaptation, we
hypothesized, first, that so far most public sector adaptation initiatives
focused on the public sector itself and did not actively steer adaptation
activities of the private sector and citizens.
Our results confirmed this hypothesis. Fig. 1 shows the distribution
of actors addressed by the adaptation activities. We used a one sample
chi-squared test to confirm that the number of initiatives addressing the
public sector is significantly higher than the number of initiatives ad-
dressing the private sector or citizens, when equal distribution is ex-
pected. The value of the chi-squared test is 474,186, which is highly
significant in this case (df= 1, n= 902).2
This result is logical because it is easiest for the public sector to
control its own activities. However, it conflicts with the high expecta-
tions of increasing private involvement. However, there are several
initiatives that are aimed at the private sector or citizens, implying that
the cities are motivated to involve private actors in adaptation.
4.2. Modes of governance for steering different actors
To test our second hypothesis—whether cities use different modes
of governance to steer different addressees—we used a two sample chi-
squared test for each type of addressee separately. We compared in-
itiatives addressing the private sector or citizens to each other and in-
itiatives addressing the public sector to all other initiatives. As pre-
sented in Table 1, initiatives addressing the private sector used more
governing through participation and partnership (phi 0.113), a little
more governing by regulation (phi 0.198), and less governing through
information compared to initiatives addressing citizens but not the
private sector. Equally, initiatives addressing citizens used more
Fig. 1. Number of adaptation initiatives addressing public sector, private sector and citizens.
2 The total number of addressed actors (n=1,207) is bigger than the number
of adaptation activities because one activity can have more than one addressee.
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governing through information (phi 0.348) and less governing through
participation and partnership (phi -0.370) compared to initiatives ad-
dressing the private sector but not citizens. Initiatives addressing the
public sector used more municipal self-governing (phi 0.462), a little
less governing by regulation (phi -0.106), governing through partici-
pation and partnership (phi -0.066), somewhat less governing through
information (phi -0.274), and governing through provision of incentives
(phi -0.336) than initiatives addressing only private actors (private
sector or citizens).3
In Fig. 2, we present how many initiatives related to certain modes
of governance were addressed to each actor. The results are presented
as percentages of modes of governance for each addressee group. It
must be recognized that most of the initiatives address the public
sector, and initiatives addressing the private sector or citizens are less
common (see Section 4.1). The results confirm our hypothesis that local
authorities steer citizens and the private sector differently. When
steering the private sector, governing through partnerships and parti-
cipation was the most popular mode. The most popular mode of gov-
ernance when steering citizens, instead, was governing through provi-
sion of information. The differences in the use of other modes of
governance were less pronounced. Governing by provision of services
was overall used very little. Governing by regulation and by provision
of incentives were used slightly more when steering the private sector.
The literature already shows that citizens and the private sector can
be involved through the use of different modes of governance (Bulkeley
et al., 2013; Castán Broto and Bulkeley, 2013; Kern and Alber, 2008;
Klein et al., 2017; Mees et al., 2015, 2014). We can analyze what modes
of governance are used to involve different actors, but no explicit
conclusions about why cities want to involve private actors can be made
based on our data and analysis. Although modes of governance cannot
directly provide an answer to the rationales of private actors’ involve-
ment, the modes can be associated with different intentions (Klein
et al., 2017).
If the desired outcomes of private actor involvement include access
to local and tacit knowledge (Boezeman, 2015; Fünfgeld and McEvoy,
2014; Glaas et al., 2010; Wamsler, 2017) and increasing the legitimacy
of adaptation (Adger et al., 2005; Castán Broto and Bulkeley, 2013;
Mees et al., 2014), it is logical that governance through participation
and partnership is needed. It gives other actors the opportunity to in-
fluence policy goals and priorities (Vogel and Henstra, 2015). In our
results, this mode of governance is used especially with the private
sector and less with citizens. This suggests that the private sector has
more access to influence policy goals and priorities than citizens do,
leading to power imbalances. Also, this can result in knowledge from
the private sector being considered more than the knowledge of citi-
zens. The citizens are steered mainly through the provision of in-
formation, which is a more one-way process and a top-down form of
governance. The local authorities give information to citizens, who are
then expected to use that information to implement adaptation
(Arnstein, 1969; Mees et al., 2012; Tennekes et al., 2013).
If the intention is to shift responsibility to the private sector, due to
limited resources of the public sector (Geaves and Penning-Rowsell,
2016; Taylor and Harman, 2016; Wamsler, 2016; Wamsler and Brink,
2014), governance through participation and partnership might be
useful, as it can mean support for actions led by some other actors
(Castán Broto and Bulkeley, 2013). However, this is not an unproble-
matic mode of governance. Several authors ask critically about how
shifting responsibilities to non-state actors can exacerbate inequalities
and cause vulnerabilities (Davoudi, 2014; Felli and Castree, 2012;
Meerow and Mitchell, 2017; O’Hare et al., 2016; Schlosberg et al.,
2017; Webber, 2016).
4.3. Adaptation process and involvement of private actors
Our third hypothesis stated that the more advanced a city is in its
adaptation policy process, the more probable it is that the public sector
will encourage the private sector and citizens to adapt to climate
change. To test this assumption, we performed three different analyses.
First, we tested whether the total number of initiatives addressing ci-
tizens and the private sector depends on the adaptation process index.
In the second and third analyses, we tested whether the share of in-
itiatives addressing the private sector and citizens changes depending
on the adaptation process index. Descriptive statistics of the variables
used in the analyses are presented in Table 2.
The negative binomial regression analysis was conducted in three
parts to see whether the association changes when adding new
Table 1
Results of the two sample chi-squared test of independence.
Pearsons chi-square Phi N
Addressee Mode of governance Value df p Value Approx. Sig.
Public sector (compared to all other initiatives) Governing by regulation 10.102 1 0.001 −0.106 0.001 902
Municipal self-governing 192.181 1 0.000 0.462 0.000 902
Governing by provision of services 3.031 1 0.082 −0.058 0.082 902
Governing by provision of incentives 101.994 1 0.000 −0.336 0.000 902
Governing through information 67.665 1 0.000 −0.274 0.000 902
Governing through participation and
partnership
3.934 1 0.047 −0.066 0.047 902
Private sector (compared to initiatives addressing citizens, but not the
private sector)
Governing by regulation 12.143 1 0.000 0.198 0.000 309
Municipal self-governing . 309
Governing by provision of services 1.124 1 0.289 −0.06 0.289 309
Governing by provision of incentives 3.171 1 0.075 0.101 0.075 309
Governing through information 36.976 1 0.000 −0.346 0.000 309
Governing through participation and
partnership
3.975 1 0.046 0.113 0.046 309
Citizens (compared to initiatives addressing private sector, but not the
citizens)
Governing by regulation 1.675 1 0.196 0.074 0.196 309
Municipal self-governing . 309
Governing by provision of services 0.185 1 0.667 −0.024 0.667 309
Governing by provision of incentives 0.05 1 0.823 −0.013 0.823 309
Governing through information 37.489 1 0.000 0.348 0.000 309
Governing through participation and
partnership
42.385 1 0.000 −0.37 0.000 309
3 As a robustness check, we repeated these analyses without initiatives of
New York with similar results. This robustness check was done due to the city’s
large amount of initiatives compared to any other city. We wanted to be sure
that no practices only typical to New York would dominate the results.
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variables to the model. Model results are presented in Table 3. Our first
analysis suggests that the number of initiatives addressing private ac-
tors indeed rises as a function of the city’s process index.4 However, this
association did not hold true for all values of the process index. Para-
meter estimates for the quadratic term in models 2 and 3 suggest that
the positive association between process index and the number of in-
itiatives addressing private actors turns to a decline when a certain
value is reached. This indicates at least that very high process index
scores do not necessarily lead to an additive effect to a city’s tendency to
encourage private actors compared to cities with medium-high process
index scores. Both associations stayed significant after accounting for
population size and GDP, but the model itself did not seem to fit any
better after including these controls. Overall, the model fit was further
analyzed with deviance residuals of the full model, which showed a
reasonably good fit to the data (see Supplementary material 2).
The association is further demonstrated in Fig. 3, where predicted
values of initiatives addressing private actors are plotted against the
process index. The predicted values seemed to take more of a convex
form, but the concave regression line, and thus the quadratic process
index term, also captured the declining trend at the end of the scale.
Fig. 3 indicates that the number of initiatives addressing private actors
did not increase in the lowest levels of the process index.
This analysis confirmed our third hypothesis for both the private
sector and citizens. The more advanced a city’s adaptation process is
(i.e., the higher the city’s process index), the more likely its adaptation
activities address the private sector and citizens. These global-scale
findings are in line with the results for 200 European cities by Heidrich
et al. (2016). It is, however, notable that there is no linear relation
between process index and the involvement of citizens and the private
sector. There seems to be a threshold at a process index of 4 that must
be crossed before cities reach out to other actors beyond their own
Fig. 2. Modes of governance for each group of addressees.
Table 2
Variables in the regression models.
N Minimum Maximum Mean Standard deviation
Number of initiatives addressing private actors 373 0 24 0.53 2.367
Share of initiatives addressing private sector (out of all initiatives) 63 0 100 17.912 22.159
Share of initiatives addressing citizens (out of all initiatives) 63 0 100 16.222 19.5
Process index 373 0 8 1.55 2.456
Country level GDP (per capita in thousands) 373 0.8008 87.8556 2.2448 18.1535
Population (100 000) 373 10.0159 369.3278 31.2744914 36.0779515
Table 3
Parameter estimates and goodness of fit for negative binomial regression models.
Model 1 Model 2 Model 3
Parameter B Std. Error p exp(B) B Std. Error p exp(B) B Std. Error p exp(B)
Intercept −4.180 0.344 0.000 0.015 −8.345 1.524 0.000 0.000 −9.068 1.613 0.000 0.000
Process index 0.789 0.053 0.000 2.202 2.618 0.595 0.000 13.703 2.752 0.641 0.000 15.672
Process index squared −0.173 0.054 0.001 0.841 −0.187 0.059 0.001 0.829
GDP (in thousands) 0.018 0.010 0.077 1.019
Population (100 000) −0.004 0.005 0.436 0.996
(Scale) 1.000 1.000 1.000
Goodness of fit: Value df value/df Value df value/df Value df value/df
Deviance 151.447 371 0.408 130.157 370 0.352 123.728 368 0.336
Pearson chi-square 260.35 371 0.702 167.227 370 0.452 154.164 368 0.419
Log Likelihood −169.142 −158.498 −155.283
AIC 342.285 322.995 320.566
BIC 350.128 334.76 340.174
4We also ran the analyses for private sector and citizens separately, with
almost identical results.
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organizations. We performed the same type of analysis for all initiatives
(i.e., independent of the addressees) and found similar results. This
means that the number of initiatives addressing citizens and the private
sector changes in a similar way as the overall number of initiatives
depending on the process index.
The results of our second analysis additionally show a connection
between the share of initiatives addressing the private sector and the
process index (see Table 4 and Fig. 4). First, the share rose with a
growing process index, but the variation increased at high numbers of
the process index while the average share of initiatives addressing the
private sector seemed to decline. Up to a process index of 6, cities in-
creased the proportion of initiatives addressing the private sector.
However, the index explained only a small part of the variance of the
share. This means that although the results support and strengthen the
results of the first analysis, it appears that the progress in adaptation
policy (represented the process index) is not the only, nor the most
important, explanatory factor for the public sector to address the pri-
vate sector.
Our third analysis on the share of initiatives addressing citizens
shows a similar dependency of the share of initiatives from the process
index as the second analysis. However, having added population and
GDP as control variables, the results were not statistically significant.
This means that we cannot confirm that an advanced adaptation policy
process would affect how actively cities address citizens in their
adaptation initiatives.
Overall, the relation between a city’s adaptation progress and pri-
vate actors’ involvement provides a potential explanation for the dis-
crepancy that can be observed in the literature. On one hand, examples
of citizen involvement and cooperation with the private sector at dif-
ferent stages of the adaptation process are often chosen from fron-
trunner cities (e.g., Anguelovski and Carmin, 2011; Mees et al., 2014;
Woodruff, 2018). This focus on successful initiatives gives the im-
pression that citizens are involved in the adaptation process actively,
while this may not be the case for the majority of cities or even valid
citywide in the frontrunner cities. On the other hand, studies finding
that cities’ adaptation is mostly focused on the public sector and in-
volves the private sector and citizens only marginally are based on
broader data sets (Hegger et al., 2017; van Kasteren, 2014; Wamsler,
2016; Wamsler and Brink, 2015) or represent cities with less-pro-
nounced adaptation activities (Juhola, 2013; Klein, 2016; Lund et al.,
2012).
The second and third analyses raise further questions. First, our
analysis shows a rather weak influence of the process index on the
private sector being addressed. This means that, although progress in
adaptation increases the number of initiatives addressing the private
sector, there are other explanatory factors that are not included in our
model. Some of these issues, such as the influence of administrative
traditions on adaptation, have become of interest lately (Biesbroek
Fig. 3. The association between a city’s process index and the number of initiatives addressing private actors.
Table 4
The effect of process index on the share of initiatives addressing private sector in a city: parameter estimates and goodness of fit for tweedie models.
Model 1 Model 2 Model 3
Parameter B Std. Error p B Std. Error p B Std. Error p
Intercept 1.994 0.617 0.001 −2.545 2.310 0.271 −4.401 2.767 0.112
Process index 0.132 0.100 0.186 1.868 0.838 0.026 2.333 0.952 0.014
Process index squared −0.151 0.071 0.034 −0.192 0.081 0.018
GDP (in thousands) 0.019 0.009 0.043
Population (100 000) 0.000 0.000 0.650
Goodness of fit:
Deviance 414.652 378.014 349.942
df 56.000 55.000 52.000
Value of deviance/df 7.404 6.873 6.730
AIC 390.402 387.182 386.944
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et al., 2018, Klein and Juhola, 2018). Second, our results show that
there is no statistically significant connection between addressing citi-
zens and the process index, a connection that can be observed with the
private sector. Given that the private sector is steered more overall, and
this is likely to increase as a city progresses on adaptation, it appears
that the involvement of the private sector is generally stronger than
citizens’ involvement. Thus, we can critically ask what makes it more
attractive to involve and address the private sector than citizens
(Fieldman, 2011; Whitehead, 2013) because theoretical considerations
support the active involvement of both groups.
5. Conclusions
We have reviewed adaptation activities of 402 cities with more than
1 million inhabitants globally to identify the extent to which cities
address their citizens and the private sector. We also analyzed the
modes of governance they use to steer different actors and the potential
association between a city’s progress in adaptation and the engagement
of the private sector and citizens. These findings support previous case
study work and studies in smaller cities, which show focus pre-
dominantly on adaptation of the public sector, often through main-
streaming (Runhaar et al., 2018), and less on encouraging the adapta-
tion or changing the behavior of private actors.
Our study provides an overview of the current state of modes of
governance used in adaptation globally, something that the literature so
far has lacked. This approach does not allow us to examine why these
modes are used, whether their implementation is successful, or how
effective they are. What appears clear is that when it comes to gov-
erning adaptation, regulation is not a very common mode across the
board, with participation and partnerships with the private sector and
provision of information to citizens being most popular outside of
municipal self-governance. This could be because of the early stage of
adaptation (see e.g., Keskitalo et al., 2016), suggesting that harder in-
struments may follow as the governance of the issue becomes more
mature. Alternatively, this use of softer modes may be a sign of shifting
responsibilities away from the state/public sector in order to distribute
the cost and responsibilities of preparing for climate change to various
actors. Naturally, there is a further need to identify policy measures that
are being used and how they continue to develop (Wamsler and
Raggers, 2018).
This use of softer instruments has implications for policy. The dif-
ferences in addressing the private sector and citizens can have impacts
on the justice and fairness of adaptation when implemented (Chu,
2016a; Mees et al., 2015; Schlosberg et al., 2017). The private sector
can influence urban adaptation arrangements at a broader scale
through engaging in partnerships and participation, and the provision
of information allows citizens only to implement individual adaptation
measures according to their capacities. This shifting of responsibilities
to non-state actors can exacerbate inequalities and cause vulnerabilities
(Davoudi, 2014; Felli and Castree, 2012; Meerow and Mitchell, 2017;
O’Hare et al., 2016; Schlosberg et al., 2017; Wamsler and Brink, 2018),
which run counter to adaptation objectives. Thus, future research
should address the questions regarding the reasons and rationales for
the chosen modes of governance.
Based on our findings, it appears that there is a link between a city’s
progress in its adaptation process and addressing citizens and the pri-
vate sector, slightly favoring the private sector. This potentially ex-
plains the disconnect between empirical studies that find little in-
volvement of private actors and case studies illustrating an involvement
and participation of private actors. Case studies in cities with a high
process index (e.g., Hamburg 6 on a scale from 0 to 8; Helsinki 8) have a
higher chance of reporting the involvement of citizens and the private
sector than in cities with a low process index, and scholars looking to
analyze such initiatives are likely to gravitate toward the advanced
cities where the initiatives are found, steering away from negative
cases. A further potential implication of this finding is that if more cities
around the world make progress on their adaptation processes over
time, it may be that, consequently, the involvement of citizens and the
private sector in urban adaptation will increase.
As our results show, the share of initiatives addressing the private
sector seems to increase as the adaptation policy process advances (up
to a process index value of 6), whereas we could not find a similar
significant relationship for citizens. In addition, it is remarkable that
there are more initiatives addressing the private sector than addressing
citizens; thus, the private sector has via partnerships and participation a
stronger role in shaping urban adaptation. This could further be ana-
lyzed by assessing differences between cities on different continents or
comparing developing country cities with those in developed countries
or by focusing on the division of steering between actors to further
understand how and why the private sector may be favored more over
Fig. 4. The association between a city’s process index and the share of initiatives addressing private sector.
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citizens. This would inform the debate about the relationship between
the theoretical considerations and practical implications of a stronger
involvement of citizens and the private sector in urban adaptation.
Acknowledgements
The preparation of this publication has been supported by le Fonds
de recherche du Québec – Nature et technologies and NordForsk
through the Short-term Quebec/Nordic Research Missions program.
The analysis and findings represent the work and view of the au-
thors. Data on climate change adaptation policies are from the Tracking
Research on Adaptation to Climate Change Consortium (TRAC3).
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.gloenvcha.2018.09.012.
References
Adger, N.W., Arnell, N.W., Tompkins, E.L., 2005. Successful adaptation to climate change
across scales. Glob. Environ. Change 15, 77–86. https://doi.org/10.1016/j.
gloenvcha.2004.12.005.
Anguelovski, I., Carmin, J., 2011. Something borrowed, everything new: innovation and
institutionalization in urban climate governance. Curr. Opin. Environ. Sustain. 3,
169–175. https://doi.org/10.1016/j.cosust.2010.12.017.
Araos, M., Austin, S.E., Berrang-Ford, L., Ford, J.D., 2016a. Public health adaptation to
climate change in large cities: a global baseline. Int. J. Heal. Serv. 46, 53–78. https://
doi.org/10.1177/0020731415621458.
Araos, M., Berrang-Ford, L., Ford, J.D., Austin, S.E., Biesbroek, R., Lesnikowski, A.,
2016b. Climate change adaptation planning in large cities: a systematic global as-
sessment. Environ. Sci. Policy 66, 375–382. https://doi.org/10.1016/j.envsci.2016.
06.009.
Arnstein, S.R., 1969. A ladder of citizen participation. J. Am. Inst. Plann. 35, 216–224.
https://doi.org/10.1080/01944366908977225.
Austin, S.E., Ford, J.D., Berrang-Ford, L., Araos, M., Parker, S., Fleury, M.D., 2015. Public
health adaptation to climate change in canadian jurisdictions. Int. J. Environ. Res.
Public Health 12, 623–651. https://doi.org/10.3390/ijerph120100623.
Aylett, A., 2015. Institutionalizing the urban governance of climate change adaptation:
results of an international survey. Urban Clim. 14, 4–16.
Bedsted, B., Gram, S., 2013. Participatory climate change adaptation in Kalundborg,
Denmark. In: Schmidt-Thome, P., Klein, J. (Eds.), Climate Change Adaptation in
Practice - From Strategy Development to Implementation. Wiley Online Library, pp.
11–23.
Boezeman, D., 2015. Transforming Adaptation - Authoritative Knowledge for Climate
Change Governance. Radboud Universiteit, Nijmegen.
Bulkeley, H., Kern, K., 2006. Local government and the governing of climate change in
Germany and the UK. Urban Stud. 43, 2237–2259. https://doi.org/10.1080/
00420980600936491.
Bulkeley, H., Carmin, J.A., Castán Broto, V., Edwards, G.A.S., Fuller, S., 2013. Climate
justice and global cities: mapping the emerging discourses. Glob. Environ. Change 23,
914–925. https://doi.org/10.1016/j.gloenvcha.2013.05.010.
Burton, P., Mustelin, J., 2013. Planning for climate change: is greater public participation
the key to Success? Urban Policy Res. 31, 399–415. https://doi.org/10.1080/
08111146.2013.778196.
Castán Broto, V., Bulkeley, H., 2013. A survey of urban climate change experiments in
100 cities. Glob. Environ. Chang. 23, 92–102. https://doi.org/10.1016/j.gloenvcha.
2012.07.005.
Chu, E., 2016a. The political economy of urban climate adaptation and development
planning in Surat, India. Environ. Plan. C Gov. Policy 34, 281–298. https://doi.org/
10.1177/0263774X15614174.
Chu, E.K., 2016b. The Governance of Climate Change Adaptation Through Urban Policy
Experiments. Environ. Policy Gov. 26, 439–451. https://doi.org/10.1002/eet.1727.
Danish Nature Agency, 2012. Action Plan for a Climate-proof Denmark - How to Manage
Cloudburst and Rain Water. Task Force for Climate Change Adaptation - Danish
Nature Agency, Copenhagen.
Davoudi, S., 2014. Climate change, securitisation of nature, and resilient urbanism.
Environ. Plan. C Gov. Policy 32, 360–375. https://doi.org/10.1068/c12269.
Dupuis, J., Biesbroek, R., 2013. Comparing apples and oranges: the dependent variable
problem in comparing and evaluating climate change adaptation policies. Glob.
Environ. Change 23, 1476–1487. https://doi.org/10.1016/j.gloenvcha.2013.07.022.
Felli, R., Castree, N., 2012. Neoliberalising adaptation to environmental change: foresight
or foreclosure? Environ. Plan. A 44, 1–4. https://doi.org/10.1068/a44680.
Fieldman, G., 2011. Neoliberalism, the production of vulnerability and the hobbled state:
systemic barriers to climate adaptation. Clim. Dev. 3 (2), 159–174.
Ford, J.D., Berrang-Ford, L., 2015. The 4Cs of adaptation tracking: consistency, com-
parability, comprehensiveness, coherency. Mitig. Adapt. Strateg. Glob. Change 1–21.
https://doi.org/10.1007/s11027-014-9627-7.
Ford, J.D., Tilleard, S.E., Berrang-Ford, L., Araos, M., Biesbroek, R., Lesnikowski, A.C.,
MacDonald, G.K., Hsu, A., Chen, C., Bizikova, L., 2016. Opinion: big data has big
potential for applications to climate change adaptation. Proc. Natl. Acad. Sci. U. S. A.
113, 10729–10732. https://doi.org/10.1073/pnas.1614023113.
Fünfgeld, H., McEvoy, D., 2014. Frame divergence in climate change adaptation policy:
insights from Australian local government planning. Environ. Plan. C Gov. Policy 32,
603–622. https://doi.org/10.1068/c1234.
Geaves, L.H., Penning-Rowsell, E.C., 2016. Flood Risk Management as a public or a pri-
vate good, and the implications for stakeholder engagement. Environ. Sci. Policy 55,
281–291. https://doi.org/10.1016/j.envsci.2015.06.004.
German Federal Government, 2008. Deutsche Anpassungsstrategie an den Klimawandel.
Glaas, E., Jonsson, A., Hjerpe, M., Andersson-Sköld, Y., 2010. Managing climate change
vulnerabilities: formal institutions and knowledge use as determinants of adaptive
capacity at the local level in Sweden. Local Environ. 15, 525–539. https://doi.org/10.
1080/13549839.2010.487525.
Hegger, D.L.T., Mees, H.L.P., Driessen, P.P.J., Runhaar, H.A.C., 2017. The Roles of
Residents in Climate Adaptation: a systematic review in the case of the Netherlands.
Environ. Policy Gov. 27, 336–350. https://doi.org/10.1002/eet.1766.
Heidrich, O., Reckien, D., Olazabal, M., Foley, A., Salvia, M., de Gregorio Hurtado, S.,
Orru, H., Flacke, J., Geneletti, D., Pietrapertosa, F., Hamann, J.J.P., Tiwary, A., Feliu,
E., Dawson, R.J., 2016. National climate policies across Europe and their impacts on
cities strategies. J. Environ. Manage. 168, 36–45. https://doi.org/10.1016/j.
jenvman.2015.11.043.
Hughes, S., 2015. A meta-analysis of urban climate change adaptation planning in the
U.S. Urban Clim. 14, 17–29. https://doi.org/10.1016/j.uclim.2015.06.003.
Hunt, A., Watkiss, P., 2011. Climate change impacts and adaptation in cities: a review of
the literature. Clim. Change 104, 13–49. https://doi.org/10.1007/s10584-010-
9975-6.
IPCC, 2014. Summary for policymakers. In: Field, C.B., Barros, V.R., Dokken, D.J., Mach,
K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova,
R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White,
L.L. (Eds.), Climate Change 2014: Impacts, Adaptation, and Vulnerability.Part A:
Global and Sectoral Aspects.Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge, United Kingdom, and New York, NY, USA, pp. 1–32.
Jørgensen, B., Paes De Souza, M.C., 1994. Fitting Tweedie’s compound Poisson model to
insurance claims data. Scand. Actuar. J. 1994 (1), 69–93.
Juhola, S., 2013. Adaptation to climate change in the private and the third sector: case
study of governance of the Helsinki Metropolitan region. Environ. Plan. C Gov. Policy
31, 911–925. https://doi.org/10.1068/c11326.
Kern, K., Alber, G., 2008. Governing climate change in cities: modes of urban climate
governance in multi-level systems, in: competitive cities and climate change. OECD
Conference Proceedings 171–196.
Keskitalo, E.C.H., Juhola, S., Westerhoff, L., 2012. Climate change as governmentality:
technologies of government for adaptation in three European countries. J. Environ.
Plan. Manag. 55, 435–452. https://doi.org/10.1080/09640568.2011.607994.
Keskitalo, E., Juhola, S., Baron, N., Fyhn, H., Klein, J., 2016. Implementing Local Climate
Change Adaptation and Mitigation Actions: The Role of Various Policy Instruments in
a Multi-Level Governance Context. Climate 4, 7. https://doi.org/10.3390/
cli4010007.
Klein, J., 2016. Embeddedness of climate change adaptation: established procedures and
contending discourses for flood protection in Espoo. Finland. Local Environ. 21,
254–271. https://doi.org/10.1080/13549839.2014.945405.
Klein, J., Juhola, S., 2018. The influence of administrative traditions and governance on
private involvement in urban climate change adaptation. Review of Policy Research.
https://doi.org/10.1111/ropr.12294.
Klein, J., Juhola, S., Landauer, M., 2017. Local authorities and the engagement of private
actors in climate change adaptation. Environ. Plan. C Gov. Policy 35, 1055–1074.
https://doi.org/10.1177/0263774X16680819.
Konrad, K.A., Thum, M., 2014. The role of economic policy in climate change adaptation.
CESifo Econ. Stud. 60, 32–61. https://doi.org/10.1093/cesifo/ift003.
Lesnikowski, A.C., Ford, J.D., Berrang-Ford, L., Barrera, M., Heymann, J., 2015. How are
we adapting to climate change? A global assessment. Mitig. Adapt. Strat. Glob.
Change 20, 277–293. https://doi.org/10.1007/s11027-013-9491-x.
Lesnikowski, A., Ford, J., Biesbroek, R., Berrang-Ford, L., Heymann, S.J., 2016. National-
level progress on adaptation. Nat. Clim. Change 6, 261–264. https://doi.org/10.
1038/nclimate2863.
Lund, D.H., Sehested, K., Hellesen, T., Nellemann, V., 2012. Climate change adaptation in
Denmark: enhancement through collaboration and meta-governance? Local Environ.
17, 613–628. https://doi.org/10.1080/13549839.2012.678318.
Meerow, S., Mitchell, C.L., 2017. Weathering the storm: the politics of urban climate
change adaptation planning. Environ. Plan. A 49, 2619–2627. https://doi.org/10.
1177/0308518X17735225.
Mees, H., Driessen, P., 2018. A framework for assessing the accountability of local gov-
ernance arrangements for adaptation to climate change. J. Environ. Plan. Manag.
https://doi.org/10.1080/09640568.2018.1428184.
Mees, H.L.P., Driessen, P.P.J., Runhaar, H.A.C., 2012. Exploring the scope of public and
private responsibilities for climate adaptation. J. Environ. Policy Plan. 14, 305–330.
https://doi.org/10.1080/1523908X.2012.707407.
Mees, H.L.P., Driessen, P.P.J., Runhaar, H.A.C., 2014. Legitimate adaptive flood risk
governance beyond the dikes: the cases of Hamburg, Helsinki and Rotterdam. Reg.
Environ. Chang. 14, 671–682. https://doi.org/10.1007/s10113-013-0527-2.
Mees, H.L.P., Driessen, P.P.J., Runhaar, H.A.C., 2015. “Cool” governance of a" hot" cli-
mate issue: public and private responsibilities for the protection of vulnerable citizens
against extreme heat. Reg. Environ. Chang. 15, 1065–1079. https://doi.org/10.
1007/s10113-014-0681-1.
Mendelsohn, R., 2006. The role of markets and governments in helping society adapt to a
changing climate. Clim. Change 78, 203–215. https://doi.org/10.1007/s10584-006-
J. Klein et al. Global Environmental Change 53 (2018) 127–136
135
9088-4.
Meyers, L.S., Gamst, G.C., Guarino, A., 2013. Performing Data Analysis Using IBM SPSS.
Wiley Blackwell, New Jersey.
MMM, 2014. Kansallinen Ilmastonmuutokseen Sopeutumissuunnitelma 2022. Finnish
Ministry of Agriculture and Forestry, Helsinki.
O’Hare, P., White, I., Connelly, A., 2016. Insurance as maladaptation: Resilience and the
‘business as usual’paradox. Environ. Plan. C Gov. Policy 34, 1175–1193. https://doi.
org/10.1177/0263774X15602022.
Rauken, T., Mydske, P.K., Winsvold, M., 2014. Mainstreaming climate change adaptation
at the local level. Local Environ. 1–16. https://doi.org/10.1080/13549839.2014.
880412.
Reckien, D., Flacke, J., Dawson, R.J., Heidrich, O., Olazabal, M., Foley, A., Hamann, J.-P.,
Orru, H., Salvia, M., Hurtado, S.D.G., 2014. Climate change response in Europe:
what’s the reality? Analysis of adaptation and mitigation plans from 200 urban areas
in 11 countries. Clim. Change 122, 331–340. https://doi.org/10.1007/s10584-013-
0989-8.
Reckien, D., Salvia, M., Heidrich, O., Church, J.M., Pietrapertosa, F., De Gregorio-
Hurtado, S., D’Alonzo, V., Foley, A., Simoes, S.G., Lorencová, E.K., Orru, H., Orru, K.,
Wejs, A., Flacke, J., Olazabal, M., Geneletti, D., Feliu, E., Vasilie, S., Nador, C., Krook-
Riekkola, A., Matosović, M., Fokaides, P.A., Ioannou, B.I., Flamos, A., Spyridaki, N.-
A., Balzan, M.V., Fülöp, O., Paspaldzhiev, I., Grafakos, S., Dawson, R., 2018. How are
cities planning to respond to climate change? Assessment of local climate plans from
885 cities in the EU-28. J. Clean. Prod. https://doi.org/10.1016/j.jclepro.2018.03.
220.
Revi, A., Satterthwaite, D., Aragón-Durand, F., Corfee-Morlot, J., Kiunisi, R.B.R., Pelling,
M., Roberts, D., Solecki, W., 2014. Urban areas. In: Field, C.B., Barros, V.R., Dokken,
D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada,
Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea,
P.R., White, L.L. (Eds.), Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 1–113.
Runhaar, H., Wilk, B., Persson, Å., Uittenbroek, C., Wamsler, C., 2018. Mainstreaming
climate adaptation: taking stock about “what works” from empirical research
worldwide. Reg. Environ. Change 18 (4), 1201–1210.
Schlosberg, D., Collins, L.B., Niemeyer, S., 2017. Adaptation policy and community dis-
course: risk, vulnerability, and just transformation. Env. Polit. 26, 413–437. https://
doi.org/10.1080/09644016.2017.1287628.
Sherman, M., Berrang-Ford, L., Lwasa, S., Ford, J., Namanya, D.B., Llanos-Cuentas, A.,
Maillet, M., Harper, S., Ihacc, R., 2016. Drawing the line between adaptation and
development: a systematic literature review of planned adaptation in developing
countries. Wiley Interdiscip. Rev. Clim. Change. https://doi.org/10.1002/wcc.416.
Swart, R., Biesbroek, R., Lourenço, T.C., 2014. Science of adaptation to climate change
and science for adaptation. Front. Environ. Sci. 2, 29. https://doi.org/10.3389/fenvs.
2014.00029.
Taylor, B.M., Harman, B.P., 2016. Governing urban development for climate risk: what
role for public–private partnerships? Environ. Plan. C Gov. Policy 34, 927–944.
https://doi.org/10.1177/0263774X15614692.
Tennekes, J., Driessen, P.P.J., van Rijswick, H.F.M.W., van Bree, L., 2013. Out of the
comfort zone: institutional context and the scope for legitimate climate adaptation
policy. J. Environ. Policy Plan. 16, 241–259. https://doi.org/10.1080/1523908X.
2013.836961.
Tompkins, E.L., Eakin, H., 2012. Managing private and public adaptation to climate
change. Glob. Environ. Change 22, 3–11. https://doi.org/10.1016/j.gloenvcha.2011.
09.010.
UN DESA, 2018. World Urbanization Prospects 2018 [WWW Document]. URL. (ac-
cessed 7.12.18). https://esa.un.org/unpd/wup/General/FAQs.aspx.
UNFCCC, 2015. Paris Agreement. Paris. .
van Kasteren, Y., 2014. How are householders talking about climate change adaptation?
J. Environ. Psychol. 40, 339–350. https://doi.org/10.1016/j.jenvp.2014.09.001.
Vogel, B., Henstra, D., 2015. Studying local climate adaptation: a heuristic research
framework for comparative policy analysis. Glob. Environ. Chang. 31, 110–120.
https://doi.org/10.1016/j.gloenvcha.2015.01.001.
Wamsler, C., 2016. From risk governance to city–citizen collaboration: capitalizing on
individual adaptation to climate change. Environ. Policy Gov. 26, 184–204. https://
doi.org/10.1002/eet.1707.
Wamsler, C., 2017. Stakeholder involvement in strategic adaptation planning:
Transdisciplinarity and co-production at stake? Environ. Sci. Policy 75, 148–157.
https://doi.org/10.1016/j.envsci.2017.03.016.
Wamsler, C., Brink, E., 2014. Interfacing citizens’ and institutions’ practice and respon-
sibilities for climate change adaptation. Urban Clim. 7, 64–91. https://doi.org/10.
1016/j.uclim.2013.10.009.
Wamsler, C., Brink, E., 2015. The role of individual adaptive practices for sustainable
adaptation. Int. J. Disaster Resil. Built Environ. 6, 6–29. https://doi.org/10.1108/
IJDRBE-09-2014-0070.
Wamsler, C., Brink, E., 2018. Collaborative governance for climate change adaptation:
mapping citizen–municipality interactions. Environ. Policy Gov. 28, 82–97.
Wamsler, C., Raggers, S., 2018. Principles for supporting city–citizen commoning for
climate adaptation: From adaptation governance to sustainable transformation.
Environ. Sci. Policy 85, 81–89. https://doi.org/10.1016/j.envsci.2018.03.021.
Wamsler, C., Niven, L., Beery, T.H., Bramryd, T., Ekelund, N., Jönsson, K.I., Osmani, A.,
Palo, T., Stålhammar, S., 2016. Operationalizing ecosystem-based adaptation: har-
nessing ecosystem services to buffer communities against climate change. Ecol. Soc.
https://doi.org/10.5751/ES-08266-210131.
Webber, S., 2016. Climate change adaptation as a growing development priority: towards
critical adaptation scholarship. Geogr. Compass 10, 401–413. https://doi.org/10.
1111/gec3.12278.
Widmer, A., 2018. Mainstreaming climate adaptation in Switzerland: how the national
adaptation strategy is implemented differently across sectors. Environ. Sci. Policy 82,
71–78.
Whitehead, M., 2013. Neoliberal urban environmentalism and the adaptive city: towards
a critical urban theory and climate change. Urban Studies 50 (7), 1348–1367.
Woodruff, S.C., 2018. City membership in climate change adaptation networks. Environ.
Sci. Policy 84, 60–68.
World Bank, 2018. The World Bank DataBank: World Development Indicators [WWW
Document]. URL. (accessed 4.2.18). http://databank.worldbank.org/data/reports.
aspx?source=2&series=NY.GDP.MKTP.PP.CD&country=.
Zwilling, M.L., 2013. Negative binomial regression. Math. J. 15, 1–18.
J. Klein et al. Global Environmental Change 53 (2018) 127–136
136
